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Th i s  paper  p re sen t s  and d i s c u s s e s  a set of cr i ter ia  f o r  pred , ic t ing  
py ro tcchn ic  shock*cnvi ronnents .  The s p e c t r a  t o  be  expec ted  nea r  t h e  
sou rce  are presented f o r  v a r i e t y  of py ro techn ic  dev ices ,  a long  
wi th  a s e t  of a t t c n u a t j o n  cu rves  f o r  v a r i o u s  typcs  of aerospace  
s t r u c t u r e s .  

INTRODUCTION 

I n  r e c e n t  y e a r s ,  pyro technic  devices  have 
been used ex tens ive ly  i n  t h e  aerospace’ i ndus t ry .  
These dev ices  inc lude  l i n e a r  shaped cha rges  , . 
e x p l o s i v e  b o l t s ,  s e p a r a t i o n  nu t s  and b o l t s ,  
and ca r t r idge -ac tua ted  devices  such as pin- 
p u l l e r s  and b o l t  c u t t e r s .  The environments 
producted  by these  pyro technics  csn cause  
damage and/or  f a i l u r e  t o  equipment and strut- 

. t u re .  As a r e s u l t ,  t h e  technology t o  e v a l u a t e  
t h e s e  envi ronnents  i s  c u r r e n t l y  being devel -  
oped. 

Today t h e  state-of-t ,he-art  of t h i s  tech- 
nology is l i m i t e d  mainly t o  t e s t i n g  t echn iques ,  
bo th  to p r e d i c t  t h e  environment and t o  qua l i f j -  
equipment t o  t h e  p red ic t ed  environment. Cur- 
r e n t  r e s t i n g  techniques  u t i l i z e  a v a r i e t y  of 
s imple  and complex shock pu l se  gene ra to r s  and 
s imula ted  o r  p ro to type  hardware. The l S  tera- 
t u r e  d e p i c t s  many t e s t i n g  methods; and, once 
an  environment has  been e s t a b l i s h e d ,  a r rason-  
a b l e  test can be produced. The method of pre- 
d i c t i n g  t h e  shock environment m k e s  use  of 
a v a i l a b l e  t es t  d a t a  t o  e m p i r i c a l l y  e s t a b l i s h  
t h e  environment.  

’ 

A r e c e n t l y  completed NASA con t rac t  w i t h  
Goddard Space F l i g h t  Center  involved t h e  
compi la t ion  and a n a l y s i s  of pyro technic  shock 
d a t a  c o l l e c t e d  from t h e  aerospace  indus t ry .  
The d a t a  are i n  t h e  form of acce le ra t ion  time 
h i s t o r i e s  and t h e i r  r e l a t e d  shock s p e c t r a  f o r  
a widc v a r i e t y  of pyro techn ic  devices and 
aerospace  s t r u c t u r e s .  A summary of t h e  t o t a l  
program was p resen ted  i n  a paper by M. P. Kadar 
and W. F. Bangs e n t i t l e d  “A Suxnarr of  Pyro- 
t e c h n i c  Shock i n  t h e  Aeros.pace Indus t ry”  dur- 
i n g  t h e  4 1 s t  Shock and Vib ra t ion  Symposium. 
One a s p e c t  of  t h i s  c o n t r a c t  involved us ing  t h e  
d a t a  to develop c r i t e r i a  f o r  p red ic t ing  pyro- 
t e c h n i c  shock environments.  The c r i t e r i a  a r c  
p re sen ted  as a sct  of sou rce  shock s p e c t r a  f o r  
a v a r i e t y  of  py ro techn ic  dev ices  and as a s e t  
of  a t t e n u a t i o n  curvcs  f o r  va r ious  types of 
acrospace  s t r u c t u r e s .  

This paper  p r e s e n t s  and d i s c u s s e s  t h e s e  
The types  of py ro techn ic  dev ices  cr i ter ia .  

commonly used and t h e  s p e c t r a  t o  be cxpec ted  
nea r  t h e  sou rce  f o r  each  dev ice  are desc r ibed .  
The o r d e r  of s e v e r i t y  of  t h e  v a r i o u s  d e v i c e s  
is presen ted  and a set of a t t e n u a t i o n  cu rves  i s  
g iven  f o r  a v a r i e t y  of aerospace  s t r u c t u r e s .  
And finally, an a t t e n u a t i o n  curve  f o r  a con- 
s t a n t  velacLty l i n e  i s  p resen ted  and d i s -  
cussed. 

DATA’ SOURCE 

The p r i n c i p a l  purpose of  CbA.tract MS5- 
15208 wi th  Goddard Space F l i g h t  Center  was t o  
coinpile and ana lyze  py ro techn ic  shock daca  
from t h e  aerospace  i n d u s t r y  t o  p rov ide  a 
s i n g l e  r e fe rence  f o r  shock d a t a  and t o  develop 
an  unders tanding  of t h e  parameters  involved .  
A t o t a l  o f  2837 measurements were compiled,  
reduced, and presented  i n  f o u r  d a t a  v d u n e s  
[l]. A s e p a r a t e  volume d e s c r i b e s  t h e  work ac- 
complished and sumn:arizes t h e  ana lyses .  
s i x t h  volume con ta ins  g u i d e l i n e s  d e f i n i n g  t h e  
des ign  informat ion  a p p l i c a b l e  t o  s t r u c t u r e  2nd 
equipment s u b j e c t e d  t o  a py ro techn ic  shock en- 
vironment.  

, 
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The g u i d e l i n e s  i n c l u d e  e m p i r i c a l  cu rvcs  
ob ta ined  from t h c  d a t a  f o r  v a r i o u s  types  of 
e x p l o s i v e  dev ices  and f o r  a v a r i e t y  of aero-  
space  s t r u c t u r e s .  The empi r i ca l  curves  are n o t  
to be  cons idered  a s t a t i s t i c a l  estimate b u t  do 
sugges t  a r e p r e s e n t a t i v e  sample from a l i m i t e d  
nunber o f  tests. The g u i d e l i n e s  can  be used 
most e f f e c t i v e l y  i n  con junc t ion  w i t h  t h e  re- 
maining f i v e  volumes of  Ref. 111 ,  where each  
i n d i v i d u a l  tes t  is desc r ibed  and t h e  t es t  dac3  
are p resen ted .  
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SHOCK SPECTRllEl CtlARACTERlSTICS 

I n  a normal py ro techn ic  shock t e s t  program, 
t h e  t ime h i s t o r i c s  of a c c e l e r a t i o n  a t  a number 
of l o c a t i o n s  a r e  measured and recorded. Be- 
cause  the  s i g n a t u r e  of t h e  t ime h i s t o r y  i s  
q u i t e  complex due t o  the  na tu re  of t h e  shock 
and t h e  i n t e r v e n i n g  s t r u c t u r e ,  t h e  frequency 
content  is  no t  immediately obvious.  Therefore ,  
spectral  ana lyses  a r e  performed t o  o b t a i n  t h e  
frequency informat ion .  An a c c e l e r a t i o n  shock 
spectrum is a p l o t  of t h e  maximum response  ac- 
c e l e r a t i o n  of a single-degree-of-freedom o s c i l -  
l a t o r  versus  t h e  resonant  frequency of t he  
o s c i l l a t o r ,  where base e x c i t a t i o n  of t he  o s c i l -  
l a t o r  i s  assumed. 
bo th  amplitude and frcquency informat ion  char- 
a c t e r i s t i c  of t he  tine h i s t o r y ,  a concept used 
e x t e n s i v e l y  i n  the  aerospzce  i n d u s t r y  t o  spec- 
i f y  shock environments.  

A shock spectrum d i s p l a y s  

Near the  exp los ive  source  the  a c c e l e r a t i o n  
shock spectrum is  c h a r a c t e r i z e d  by a high- 
amplitude curve  t h a t  peaks i n  t h e  h igh- f re -  
quency range, u sua l ly  w e l l  above 1000 Hz. I n  
t h e  low-frequency range ,  a shock spectrum shows 
a d e f i n i t e  tendency of a cons t an t  v e l o c i t y  
l i n e ,  which on n l oga r i thmic  p l o t  of t h e  ac- 
c e l e r a t i o n  shock spectrum has a numer ica l  s lope  
o f  bne. 

As t h e  shock p u l s e  p ropaga te s  through t h e  
s t r u c t u r e ,  t h e  a c c e l e r a t i o n  amplitude i s  a t -  
t enua ted .  This  a t t e n u a t i o n  i s  d i r e c t l y  pro- ' 
p o r t i o n a l  t o  t h e  d i s t a n c e  from t h e  source  as 
measured a long  t h e  shock pa th .  However, t h e  

quency, and t h e  high-frequency ranRe a t t e n u a t e s  
more r a p i d l y  than che low. An example of t h i s  
c h a r a c t e r i s t i c  can be seen  i n  Fig.  1, which 
shows two s p e c t r a ,  one measured near  t h e  shock 
source  and t h e  second more than  100 i n .  from 

' t h e  source .  The hi.gh-frequency amplitude can 
a t t e n u a t e  from one t o  two o r d e r s  of magnitude 
i n  100 i n . ,  whi le  t h e  low-frequency amplitude 
u s u a l l y  a t t e n u a t e s  less than an o r d e r  of magni- 
tude.  

' ampl i tude  a t t e n u a t i s n  is a f u n c t i o n  of f r e -  

The e f f e c t  of d i f f e r e n t  a t t e n u a t i o n  r a t e s  
can be accounted for by de termining  tvo  param- 
eters: t h e  a t t e n u a t i o n  r a t e s  of t h e  pcak ac- 
c e l e r a t i o n  and of a cons t an t  v e l o c i t y  l i n e  i n  
t h e  low-frequency range. However, t he  cons tan t  
v e l o c i t y  l i n e  can be d i f f i c u l t  t o  estimate from 
a s p e c t r u n  because of resonant  a c c e l e r a t i o n  
peaks due t o  t h e  response  of t h e  l o c a l  s t r u c -  
t u re  . 
SPECTRLX DETE RXI SAT I Oh' 

A shock spectrum Is us.ed p r imar i ly  f o r  
s p e c i f y i n g  equipicent q u a l i f i c a t i o n  l e v e l s .  
These l e v e l s  can be ob ta ined  from a f u l l - s c a l e  
t e s t  of t he  a c t u a l  s t r u c t u r e ,  b u t  a f u l l - s c a l e  
t e s t  is not  always p o s s i b l e .  A pre l iminary  
e s t i n a t e  of a spec t run  can be obta ined  from 
t h e  expec ted  l e v e l  of t he  exp los ive  device  a t  
t h e  sou rce  by us ing  e m p i r i c a l  a t t e n u a t i o n  
curves .  The informat ion  f o r  e s t i m a t i n g  the  

spectrum i e v r l  i s  g iven  i n  t h e  fo l lowing  sec-  
t i o n s .  These g u i d e l i n e s  a r e  s t r i c t l y  e m p i r i c a l  
and a r e  not  in tendcd  to  rep resen t  a l l  app l i ca -  
t i o n s .  Best r e s u l t s  can be obta ined  by us ing  
these  curves  and r e f e r r i n g  t o  the  d a t a  i n  Ref. 
111. 

Fig.  1 - Shock s p e c t r a  a t  source  and sa te l l i t e  

SOURCE SPECTRA 
l o c a t i o n  

The fo l lowing  pyro technic  devices  are used 
i n  t h e  aerospace  i n d u s t r y  t o  a f f e c t  f l i g h t  
even t s .  The dev ices  a r e  l i s t e d  i n  t h e i r  e s t i -  
mated o r d e r  of s e v e r i t y .  

1. Linear  charges  (mild de tona t ing  f u s e  
and f l e x i b l e  l i n e a r  shaped cha rge ) ;  

Sepa ra t ion  n u t s  and exp los ive  b o l t s ;  2. 

3. P i n - p u l l e r s  and p i n  pushers ;  

4. B o l t - c u t t e r s ,  p i n - c u t t e r s ,  and cable-  
c u t t e r s .  

Absolute a c c e l e r a t i o n  shock s p e c t r a  f o r  t hese  
fou r  dev ices  a r e  d i scussed  below and presented  
i n  Figs. 2 through 5 .  The sugges ted  envi ron-  
ments a r e  based on d a t a  measured wi th in  10 i n .  
of t h e  exp los ive  sou rce ,  and t h e  shock sprc-  
trum ana lyses  a r e  przsented  f o r  a danping 
f a c t o r  of 52,  i . e . ,  an a c p l i f i c a t i o n  f a c t o r  
(Q) of 10. These curves  r ep resen t  an en- 
ve lope  of a few measurements and cannot be  
cons idered  a s t a t i s t i c a l  e s t ima te .  
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Fig. 2 - Suggested environment produced by ' 

l fnear pyrotechnic devices 

. . . . .- . 

Fig. 3 - Suggested environment produced by 
separation nuts and explosive b o l t s  

-ww W )  

Fig. 4 - Suggested environments produced by 
pin-puller s and pin-pushers 

\ 

Fig. 5 - Suggested environment produced by 
bolt- ,  pin-, and cable-cutters 



Linear  Explosives 

. a shock spectrum t o - t h e  d i s t a n c e  from t h e  shock 
source .  These curves  are normalized to  a f a c t o r  
of one a t  t he  source  and are t o  be used wi th  the 
s p e c t r a  curves  g iven  f o r  t h e  shock sources  
above. The no rma l i za t ion  measurements a r e  as- 
sumed to be 5 i n .  from the  source .  

L inear  exp los ive  pyroteclinic devices  are 
usua l ly  used  i n  s e p a r a t i o n  j o i n t s .  Thc l e v e l  
of t h e  environment produced by such a j o i n t  
s e p a r a t i o n  depends on t h e  t h i ckness  of t he  
m a t e r i a l  c u t  and t h e  s i z e  of t h e  exp los ive  
charge.  
v i t h  an i n c r e a s e  of e i t h e r  of these .parameters .  
F igure  2 p r e s e n t s  t h e  suggested environment 
produced by s e p a r a t i o n  j o i n t s  f o r  s e v e r a l  com- 
b i n a t i o n s  of j o i n t  t h i ckness  and charge  s i z e .  
Also inc luded  i s  t h e  environment f o r  a bellows 
assembly, a s e p a r a t i o n  device  designed t o  , 
lower t h e  shock l e v e l .  

The l e v e l  of the spectrum i n c r e a s e s  

The a c c e l e r a t i o n  time h i s t o r i e s  cha rac t e r -  
i s t i c  of l i n e a r  exp los ive  devices  have an e f -  

' f e c t i v e  d u r a t i o n  of approximately 3 msec. 

Sepa ra t ion  Nuts and Explosive Bo l t s  

F igu re  3 p r e s e n t s  t h e  sugges ted  shock en- 

W o  l e v e l s  
vironnients produced by the  de tona t ion  of a 
s e p a r a t i o n  nu t  o r  exp los ive  b o l t .  
are shown: one f o r  t h e  device  a lone  and one 
f o r  a V-band assenbly  employing s e p a r a t i o n  nuts 
o r  exp los ive  b o l t s .  

The a c c e l e r a t i o n  t i m e  h i s t o r i e s  n e a r  t h e  
shock source  c h a r a c t e r i s t i c a l l y  decay i n  about 
3 msec due t o  t h c  presence  of high-f requencies .  

- 

Pin -Pu l l e r s  and P in  Pushers  

F igu re  4 p r e s e n t s  t h e  sugges ted  shock en- 
vironments produced by t h e  de tona t ion  of pin-  
p u l l i n g  and p in  pushing pyro technic  devices .  

The acce le ra t ion - t ime  h i s t o r i e s  c h a r a c t e r -  
i s t i c  of p i n - p u l l e r s  have an e f f e c t i v e  dura- 
t i o n  of 5 t o  15 msec, wh i l e  t h e  pin-pusher is 
a s o f t e r ,  lower-frequency device  t h a t  may have 
an e f f e c t i v e  d u r a t i o n  of up t o  50 msec. 

Bolt-, Pin-,  and Cable-Cutters 

F i g u r e  5 p r e s e n t s  t h e  sugges ted  envi ron-  
ments produced by t h e  de tona t ion  of bo l t - ,  
p in- ,  and cab le -cu t t i ng  devices .  

ATTENUATION CURVES 

This s e c t i o n  c o n t a i n s  a t t e n u a t i o n  curves  
for  t h e  v a r i o u s  types  of s t r u c t u r e s  l i s t e d  i n  
Table  1. 
a t t e n u a t i o n  of the  peak a c c e l e r a t i o n  l e v e l  of 

These curves  relate t h e  p red ic t ed  

TABLE 1 
L i s t  of S t r u c t u r e s  f o r  A t t enua t ion  Curves 

- 
Structure 

Cy l indr ica l  s h e l l  

Sk in lr ing  frame 

Ring/frame 

Primary truss  

Conplex airframe 

Complex equiparnt 

l~oncycomb 

-. - 
Description 

h'i thout s t r i n g e r s  or r ing l f rare  

I.ongeron or atrinKer of 6k in /r ins  
.frame 

Circunfcrential  r ing  f r o m  of 
sktnlring Craw vith lonwron  

Truss members. including the 
effects .of j o t n t s  

Alrframe structure. including 
sk in  and truss  s t ruc ture  

Equipwnt sount in i .  such a s  a 
p a y l o ~ d  truss network 

llonrycomb used as load-carrying 
s t ruc ture  

'LR. Bo. 

6 

7 

8 

9 

10 

11 

12 

- 

- 
Because t h e s e  curves  are gene ra t ed  from 

l i m i t e d  d a t a  f o r  each t y p e  of s t r u c t u r e ,  they 
a r e  t o  be used with d i s c r e t i o n ;  s i n c e  struc- 
t u r e s  vary so g r e a t l y ,  t h e  l e v e l s  p r e d i c t e d  by 
t h e s e  curves  can be i n  e r r o r .  Consequently,  
we recommend t h a t  t h e  shock l e v e l s  be conf i n n e d  
by a f u l l - s c a l e  v e r i f i c a t i o n  test on t h e  
f l i gh t - conf igu red  hardware. 

CONSTAW VELOCITY ATTENUATION 

As shown f n  Fig. fR low-frequency acce le ra -  
t ion> a t t e n u a t e  with d i s t a n c e  less r a p i d l y  than  
those  a t  h igh  f r equenc ie s .  One way t o  account 
f o r  t h i s  e f f e c t  i s  t o  s p e c i f y  t h e  a t t e n u a t i o n  
of a cons tan t  v e l o c i t y  l i n e  wi th  d i s t a n c e .  A 
shock spectrum f o r  a l o c a t i o n  removed from the  
sovrce  can then  be p r e d i c t e d  by s p e c i f y i n g  the  
two a t t e n u a t e d  parameters -- t h e  a c c e l e r a t i o n  
pcak and a cons t an t  v e l o c i t y  l i n e .  

DIscance (In.) 

Fig. 6 - At tenua t ion  f o r  c y l i n d r i c a l  s h e l l  
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Dlstnce (In.) 
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Flg. 7 - Attenuation for longeron or stringer 

---- 
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v1.t.nc. d m . 1  

Fig. 8 - Attenuation for ring frame 
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DLst.nci (In.) 

Fig. 9 - .Attenuation for primary truss 

Fig. 10 - Attenuation for complex airframe 
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Fig. 11 - At tenua t ion  f o r  equipment mounting 
s t r u c t u r e  

. Dir rmc*  (in.) 

Fig. 12 - At tenua t ion  f o r  honeycomb 

Volune one of Ref. (1) d i s c u s s e s  t h e  con- 
s t a n t  v e l o c i t y  concept and p r e s e n t s  a t ten t fa t ion  
c u r v e s  f o r  t h i s  p a r a r e t e r  taken  f r o n  d a t a  on a 
t r u s s  s t r u c t u r e .  X cor.posite of these  curves 
is p resen ted  i n  Fig. 13 ,  viirie t h e  a t t e n u a t i o n  
cu rve  is nor-.~lizcd t o  a f a c t o r  of one. So t i ce  
t h a t  t h e  curve bcco-cs  f l a t ,  r e f l e c t i n g  t h e  
f a c t  t i idt  tiit. cons~arit v e l o c i t y  reduces to 3 
c e r t a i n  l e v e l  and s t o p s .  
l i n e  is soc:etirr.c.s d i f f i c u l t  to  ohserve  on 

The cons tan t  ve loc i ty  

s p e c t r a  f o r  l o c a t i o n s  f a r  removed from t h e  
sou rce  s i n c e  resonant  peaks w i l l  appear  i n  t h e  
low-frequency range of t h e  spcctrum, a s  i n  Fig.  
1. I t  must be emphasized th.it t h i s  curve  i s  
ob ta ined  fiom l i rn i red  ddLa and a l s o  t h a t  t he  
concept of  il cons tan t  v c l o c i t y  l i n e  is no t  w e l l  
e s t a b l i s h e d .  Two recen t  a r t i c l e s  d i s c u s s  t h i s  
concept  i n  d e t a i l  12, 31 and relate i t  t o  dam- 
age p o t e n t i a l .  The curve  i n  Fig.  1 3  is pre- 

. s.ented t o  account  f o r  t h e  d i f f e r e n c e  i n  a t t e n -  
ua t ion  r a t e s  ove r  t h e  frequency range of  t h e  
s p e c t r a .  Hopefully,  t h e  concept of c o n s t a n t  
v e l o c i t y  as app l i ed  t o  t h e  shock s p e c t r a  of 
complex t i m e  h i s t o r i e s  w i l l  be s t u d i e d  i n  more 
d e t a i l  i n  t h e  f u t u r e .  

l- 

Fig. 13 - At tenua t ion  f o r . c o n s t a n t  v e l o c i t y  
l i n e  

DISCUSSION 
d 

The r e s u l t s  presented  i n  t h i s  paper  repre-  
s e n t  an a t t e n p t  t o  provide  des ign  c r i te r ia  f o r  
py ro techn ic  shock. The r e s u l t s  a r e  e m p i r i c a l  
and, due t o  t h e  l a r g e  v a r i a t i o n s  among s t r u c -  
t u r a l  c o n f i g u r a t i o n s ,  do n o t  provide  a l l  t h e  
answers. The cu rves  must be  used w i t h  cau t ion .  

The s u b j e c t  of cons tan t  v e l o c i t y  l i n e s  is 
c u r r e n t l y  be ing  s t u d i e d  i n  t h e  i n d u s t r y ,  and 
t h e r e  is s t r o n g  ev idence  of i t s  r e l a t i o n s h i p  t o  
daaage p o t e n t i a l .  In  t h i s  paper t!ie a i t enu-  
a t i o n  of  t h i s  l i n e  is used t o  accounL f o r  t l ic 
v a r i a t i o n  i n  a c c e l e r a t i o n  vi tli frequency. 
daea used to p r e d i c t  t h i s  .iLLeiiu.iLioii curve  J K ~  

l i m i t e d ,  and tlic e n t i r e  s u b j e c t  of 3 cons tan t  
v e l o c i t y  l i n e  needs D g r e a t  d e a l  of a t t e n t i o n .  

The 

- _ _  
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2. 
' 

'3. 

DISCUSSION 

Alr Schcll (Shock \'ibr:!tJon Inform?!ion Center): - I a m  puzzled on the moclific*:ltions to the original 
spectrum. You rcducrd both the peak acceleration 
and the velocity according to c r i te r ia  determined 
f?.om thr data. 1 thought that I sa\\. also, in  some of 
the graphs. an attenuation of the high freciueney con- 
tent that differed froni plain peak reduction. In 
other  words, you \wre taking into account the fact 
that the high frequencies attcnuate more rapidly 
than the low frequencies, is that right ? 

. ? -2. XIcGritth: This  i s  \\.ha1 we arc trying to 
account for, It% a very complex phenomenon. Thc 
high frequcncics aticnuatc at diffcrellt ratcs through- 
out the raiyc. We arc trying to account for this by 
a simple and enlpirical method. Lct  me also cmpba- 
s izc  thxt thc infornlntion we prcscnted was cnvclopcs 
taken f rom quite a bit of data. \Vc t.+c (lata, c!nvclolx: 
it with one ciirvc, and then use that curve as thc 
attciiuation curve. So we arc t q i n g  to account for a 
rather  complex situation with two silnple paramctcrs. 
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